Formalin-fixed Staphylococcus aureus strain Cowan, bearing protein A, routinely used for the absorption of antigen-antibody complexes, was found to bind protein kinase activity from disrupted Moloney murine leukaemia virus (Mo-MuLV). The Wood strain of S. aureus lacking protein A also bound the kinase with similar efficiency. About 50% of the bound kinase activity, as detected by phosphorylation of casein using [y-32p]ATP, could be eluted from the bacterial preparation with buffer containing 0.5 M-KC1. Similar results were obtained with Moloney routine sarcoma virus (Mo-MuSV) strain 349 and tsll0 MuSV(MuLV). The bacterial preparation was also found to bind casein kinase activity from cellular extracts of uninfected, Rauscher murine leukaemia virus (R-MuLV)-infected and Mo-MuLVinfected cells. Analysis of [3H]leucine-labelled proteins from purified virus showed selective binding to S. aureus of only two major labelled virus proteins. One virus component bound to S. aureus had the relative mobility of p15; the other polypeptide co-migrated with virus pl0. Upon exposure to increased salt concentration, most of the pl0 but very little of the p15 proteins were released. The S. aureusbinding proteins from tsll0 Mo-MuSV and MuSV-349 revealed similar binding and elution patterns of p 10 and p 15 molecules. The p 10 and protein kinase activity eluted from Mo-MuLV-absorbed bacteria were separated by gel filtration into a high molecular weight species, containing pl0 and kinase activity, and a low molecular weight p 10 monomer lacking enzymic activity.
Among the murine RNA tumour viruses, associated protein kinase activities have been described for Rauscher murine leukaemia virus (R-MuLV) (Strand & August, 1971 ) and murine sarcoma virus (MuSV) Sen, 1981) . We report here an observation that a kinase activity from disrupted Moloney murine leukaemia virus (Mo-MuLV) binds efficiently to both the Cowan strain and the protein A-deficient Wood strain of S. aureus. Similar findings have been confirmed with MuSV and cell extracts. Examination of the [3H]leucine-labelled proteins from purified Mo-MuLV showed selective binding of p15 and pl0 to S. aureus; upon exposure to 0.5 M-KC1, casein kinase activity and viral p 10 were released from the bacteria.
The C1 1 strain of Mo-MuLV (Fan & Paskind, 1974) was propagated in NIH/3T3 cells and virus was purified by two rounds of isopycnic centrifugation in linear 15 to 60 % sucrose gradients (Ng et al., 1980) . Purified sarcoma virus from strain 349 (Ball et al., 1973) and strain ts110 were prepared in a similar manner. Commercially available 10% suspensions of the Cowan strain (Pansorbin-Calbiochem) and the Wood strain (Sansorbin-Calbiochem) were evaluated for binding of kinase activity. Purified virus was disrupted by Dounce homogenization at 2.5 mg/ml in 10 mM-tris-HC1 pH 7.5, 1.5% (v/v) Nonidet P40 (NP40), 1 M-KC1, 10 mM-dithiothreitol (DTr), 1 mM-EDTA, 10% (v/v) glycerol, and then centrifuged 67000 g for 90 min. The supernatant fluid was then dialysed overnight against buffer E [10 mM-tris-HC1 pH 7.5, 0.1% (v/v) NP40, 1 mM-DTT, 10% glycerol]. Exposure of disrupted virus to the Cowan strain of S. aureus was found to drastically reduce the virus-associated kinase activity as measured by casein phosphorylation. 250/~g amounts of virus that had been disrupted and then dialysed against buffer E were mixed with varying amounts of the formalin-fixed bacteria. After a 60 min incubation at 4 °C, the S. aureus was removed by centrifugation. The protein kinase activity of the supernatant fluids was reduced to about 25% of the original activity ( Fig. la) . Comparison of the absorptive capacity for virus kinase of the Cowan strain versus the Wood strain of S. aureus yielded similar results; 28 % and 32 % of the respective activities failed to bind to the bacteria.
The bacteria exposed to disrupted virus were washed with buffer E containing KCI concentrations up to 1 M in an effort to recover lost activity. In these experiments, 100 ~tl amounts of dissociated virus were added to bacterial pellets derived from equal volumes of the 10% (v/v) suspension. After resuspension, the samples were incubated for 1 h at 4 °C. The S. aureus was isolated by centrifugation and washed with buffer E; 70% of the kinase activity was lost from the supernatant fluid. Each bacterial pellet was resuspended in 100 ~tl buffer E containing varying concentrations of KCt for 1 h at 4 °C. The bacteria were then removed by centrifugation and the supernatant fluids assayed for casein kinase activity. The results of the elution experiment (Fig. I b) showed that under the described conditions, about one-half of the lost kinase activity could be eluted from the bacterial preparation with salt concentrations 0.4 M or higher. An inhibitory effect on total virus protein kinase activity was observed by salt concentrations above 0.4 M. For this reason, the percentage recovery was adjusted accordingly. Control experiments in which bacteria not exposed to disrupted virus were washed with buffer E containing 0-5 M-KC1 displayed background levels of activity in the eluant. In another control experiment, the disrupted and dialysed virus proteins were incubated without bacteria and then centrifuged in an identical manner with the other samples. The trace residue in the pellet contained little kinase activity.
Disrupted virus from MuSV strains 349 and ts110 were found to contain a kinase activity that could bind and be eluted from S. aureus. Separation of the phosphorylated products pellet derived from 2 ml 10% S. aureus; the bacteria were washed with buffer E, eluted with buffer E containing 0.5 M-KCI, and the eluant applied to a BioGel P-30 gel filtration column at 4 °C. Column dimensions: 1.5 × 50 cm. Buffer: 10 mM-tris-HC1 pH 7.5, 0-1% NP40, 0.5 M-KC1, 1 mM-DTr, 10% glycerol. Flow rate: 8 ml/h. Fraction volume: 1-5 ml. 100 /,1 amounts of each fraction were assayed for casein kinase activity (R), and 400 ~tl amounts in Atomlight scintillation fluid (New England Nuclear) were used for tritium counting (O Since it has been shown that S. aureus can absorb kinase activity from disrupted virus and subsequently be recovered, we decided to test whether or not cellular protein kinases display similar binding properties. In these experiments, a slightly different protocol was used for kinase binding. The procedure as originally described by Kessler (1975) was used, that is, addition of S. aureus suspension containing carrier proteins to a cell lysate of moderate ionic strength. These conditions are routinely employed for binding of immune complexes. Nearly confluent monolayer cultures (75 cm 2) of uninfected NIH Swiss mouse cells (V16), R-MuLV-infected V16 cells (Naso et al., 1975) and MuLV-infected 3T3 cells were disrupted in 3 ml cell lysis buffer (20 mM-tris-HC1 pH 7.5, 1.4 mM-MgC12, 3.6 mM CaC12, 120 mMNaC1, 5 mM-KC1, 0.5% NP40, 0.5% sodium deoxycholate; Naso et al., 1975) . After lowspeed centrifugation to remove most cell debris, the cell lysate was clarified by spinning at 67000 g for 90 min. Upon determining protein concentration, 2 mg (about 0.5 ml) of each cell extract was incubated with 100 gl of carrier protein-containing S. aureus for 1 h at 4 °C. The bacteria were then removed and washed in the same manner routinedly used for immunoprecipitation. After a final wash with buffer E, the pellets were exposed to 500 gl buffer E containing 0-5 M-KC1 for 1 h at 4 °C. The bacteria were removed by centrifugation and 25 /11 of each supernatant was assayed for casein kinase activity. Substantial activity (0.7 × 106 to 1.0 × 106 ct/min) from less than 1.5 % of total cell protein that eluted from the bacteria was detected from both uninfected and infected cell extracts. Kinase activities of cell lysates before and after absorption with S. aureus were relatively low (1.8 × 104 to 3-0 × 104 ct/min) and did not appreciably reflect removal of kinase activity, as might be expected due to the presence of unlabelled nucleotides and cellular ATPases. Control experiments included cell extracts that were processed without S. aureus treatment; the pellet fraction contained only background levels of kinase activity. Similar results were obtained in experiments performed in the absence of carrier protei n .
The [3H]leucine-labelled virus proteins that bind to S. aureus were examined by SDS-PAGE (Laemmli, 1970) . Comparison of lanes 2 and 3 of Fig. 2 (a) shows that most of the viral pl0 and about one-half of the viral p15 were selectively removed from disrupted Mo-MuLV by absorption with S. aureus. Proteins with the mobilities of pl0 and p15 could be recovered from the bacteria by elution with electrophoresis sample buffer (lane 4). Several pairs of minor bands, possibly multimers, were also detected at mol. wt. up to 80 × 103 (80K). Most of the pl0 was also eluted by 0.5 M-KC1 (lane 5); the remaining pl0-and pl5-like proteins were removed by heating in electrophoresis sample buffer (lane 6). Preliminary analysis of trypsin-generated peptides and comparison with previously published work from our laboratory (Naso et al., 1979; Ng et al., 1980) has confirmed that the 10K protein that binds to S. aureus contains viral pl0 sequences.
The gel profile of labelled virus proteins eluted from S. aureus appeared homogeneous (lane 5). For this reason, a sample of the 0.5 M-KC1 eluted kinase from 10 mg [3H]leucinelabelled Mo-MuLV was applied to a BioGel P-30 (Bio-Rad Laboratories) gel filtration column to examine the molecular weight relationship between pl0 and kinase activity. Fig. 2(b) shows that two peaks of [3H]leucine counts were resolved, both of which contained p l0 (see inset, lanes 2 and 3), but the kinase activity was associated exclusively with the high molecular weight peak. Protein separation by SDS-PAGE of high molecular weight components that eluted near the void volume showed predominantly pl0 with several minor pairs of bands again observed as in Fig. 2(a) , lane 4. Gel filtration of whole disrupted virus using a BioGel P-100 column indicated that Mo-MuLV kinase activity has a mol. wt. of 30000 (results not shown).
The results presented here indicate that S. aureus can bind protein kinase activity from Mo-MuLV and from cell extracts. The bound enzyme can be eluted in an active form with buffer containing KCI concentrations of 0.4 i or higher. The binding of cellular kinases to S. aureus occurred under conditions routinely used for immunoprecipitation. Since the binding of kinase to the S. aureus occurs with similar efficiency using strains devoid of protein A, it appears likely that the mechanism of absorption involves an interaction with the bacterial cell surface. Our results indicate that not all of the protein kinase activity from disrupted virus could bind to the bacteria. Even using an excess amount of S. aureus, kinase activity of the supernatant fluid persisted at about 25 % that of unabsorbed virus. There are at least two possible explanations for this effect. Either there are more than one molecular species of virus casein kinase and one of the enzymes fails to bind S. aureus, or some of the active kinase is aggregated in a manner which prevents absorption to the bacteria. Our experiments indicate that both viral pl0 and a virus-associated protein kinase bind to S. aureus and that both are removed from the bacterial preparation by 0-5 M-KC1 elution. However, gel filtration experiments show that the casein kinase activity can be separated from at least part of viral pl0. Other experiments including fractionation of virus proteins by phosphoceUulose chromatography (W. S. Kloetzer & R. B. Arlinghaus, unpublished results) show that most of the pl0 can be separated from the protein kinase activity. It therefore appears that viral pl0 is not the protein kinase. Nevertheless, the S. aureus procedure described here offers an easy and quick method for partial purification of certain viral and cellular protein kinases.
